Purpose: Community-acquired acute kidney injury (CA-AKI) is a frequent and severe adverse drug reaction (ADR) among older patients. The combination of drugs and other CA-AKI risk factors was barely evaluated. The objectives of our study were to both accurately identify CA-AKI induced by drugs in older patients, and to describe their combination with other risk factors. Patients and methods: We conducted a retrospective, single-center study in a general hospital over a two-year period. An automated detection identified CA-AKI according to KDIGO criteria, amongst 4,767 eligible inpatient stays among patients aged 75 years or older. Two independent experts reviewed all CA-AKI events to adjudicate drug involvement (Naranjo scale), identify inappropriate prescriptions (STOPP criteria), evaluate avoidability (Hallas criteria) and identify combined risk factors. Results: An expert review confirmed 713 CA-AKI (15.0% of inpatient stays) and determined that 419 (58.8%) CA-AKI were induced by drugs. A multifactorial cause (i.e., at least one drug with a precipitating factor) was found in 63.2% of drug-induced CA-AKI. Most of the drug-induced events were avoidable (66.8%), mainly in relation to a multifactorial cause. Conclusion: Drug-induced CA-AKI were frequent, multifactorial events in hospitalized older patients and their prevention should focus on combinations with precipitating factors.
Introduction
Acute kidney injury (AKI) is a frequent and severe disease associated with an increased risk of hospitalization or death. [1] [2] [3] [4] [5] Older patients are at a higher risk of AKI than younger patients 6-9 due to an increased prevalence of chronic kidney disease, cardiovascular morbidities, and polypharmacy. Indeed, AKI is often considered as an adverse drug reaction (ADR), 10, 11 with drug involvement present in the occurrence of 20.0% to 66.0% of AKI. 12, 13 AKI can occur both in primary care (i.e., community-acquired AKI (CA-AKI)) and in hospital settings (i.e., hospital-acquired AKI (HA-AKI)). CA-AKI account for 54.5% to 79.4% of AKI cases. [14] [15] [16] [17] Detection and prevention of CA-AKI are important because the mortality rates associated with CA-AKI measure 25% at 30 days and 45% at 3 years. 3, 4 Prevention mainly focusses on improving the prescription of drugs and strengthening their monitoring 12 as 59.9% to 72.0% of CA-AKI are induced by drugs. 16, 18 Drugs are not the only risk factors for AKI and many precipitating factors can contribute to the occurrence of AKI. 2, 6, 19 However, risk factors for AKI were most often independently evaluated through multivariate analysis. [20] [21] [22] This approach cannot describe combination of drugs and other precipitating factors of AKI. A study performed in England and Scotland showed a cumulative effect of AKI risk factors. 19 These results have an important impact on ADR prevention strategies. However, an accurate analysis of the drugs involved in the occurrence of CA-AKI with validated tools and their relations with other risk factors was not performed.
The objective of our study was to accurately identify CA-AKI induced by drugs among older patients, and to describe their combination with other risk factors in order to assess the avoidability of CA-AKI.
Methods

Study Design
This retrospective, observational, single-center cohort study was performed in a general hospital in northern France. The hospital comprehends surgery, pulmonology, cardiology, angiology, hepato-gastro-enterology, internal medicine and emergency departments. Our analysis encompassed all stays in the general hospital recorded between January 1, 2012 and December 31, 2013 (29,970 in total) . All extracted study data were anonymous.
Our study was performed from the perspective of the health professionals, i.e. when faced with an individual patient. In this context, causality assessment tools are recommended for the validation of individual cases to identify combined risk factors for CA-AKI. The study did not aim to conduct pharmacoepidemiological or epidemiological studies of CA-AKI (e.g., mortality rate, length of inpatient stay, and Charlson comorbidity index were not estimated).
Ethics Approval
The study was registered with the French National Data Protection Commission (Commission Nationale de l'Informatique et des Libertés; reference numbers 1487204 and VIa0335797v) and was approved by the local investigational review board (Comité de Protection des Personnes Nord-Ouest IV) in January 2008.
Data Collection
For each inpatient stay, the following items of information were extracted from the linked electronic medical records: administrative data (age, gender, etc.), the diagnostic code associated with the inpatient stay (according to the International Classification of Disease 10th Revision (ICD-10)) 23 medications administered during the stay (according to the Anatomical Therapeutic Chemical (ATC) terminology) 24 laboratory results (according to the Committee on Nomenclature, Properties and Units (C-NPU) terminology) 25 anonymized discharge letters, and free-text hospital care reports. 26 
Inclusion And Exclusion Criteria
We intended to include all CA-AKI events in patients aged 75 and over. AKI was defined according to the Kidney Disease Improving Global Guidelines (KDIGO) classification, i.e. an increase in serum creatinine by at least 0.3 mg/dl within 48 hrs (if baseline serum creatinine < 1.2 mg/dL) or increase in serum creatinine to at least 1.5 times baseline within the prior 7 days (Table S1 ). AKI was initially defined as CA-AKI if the increase in serum creatinine was observed during the first 48 hrs of hospitalization. 3, 15 It was deemed that this approach may not detect AKI originating in a community setting, with patients having a high serum level of creatinine at the time of hospital admission. AKI was therefore secondly defined as CA-AKI if a decrease of serum creatinine was observed during the inpatient stay, and if the serum creatinine value at admission time was higher than the lowest value during inpatient stay. AKI was defined by either a 50% decrease between two creatinine value within 7 days, either a difference of 0.3 mg/dl within 48 hrs (if lowest serum creatinine < 1.2 mg/dL). Examples of possible cases are provided in the Supporting Information ( Figure S1 ).
Eligibility for the study required a minimum stay duration of 2 days and at least 2 creatinine values (including one at the time of admission). Only inpatients of 75 years and over, fitting these criteria were eligible for the study. All AKI events were automatically detected according to these criteria and then reviewed by two independent experts (LR, AS). AKI events were secondarily excluded in case of: 1) erroneous-automated detection; 2) missing data (in relation to the drugs prescribed, the diagnosis or the laboratory results). Cohen's Kappa evaluated the extent of agreement between the two experts for the validation of CA-AKI events. In fact, Cohen's Kappa was 0.87, indicating near perfect agreement (defined by convention as a value between 0.81 and 0.99). Any disagreement was resolved by discussion and consensus. A third reviewer (JBB) arbitrated as necessary.
Expert Review Of Each AKI Event
All detected AKI events were analyzed by two independent reviewers (LR, AS) using the ADE-Scorecards ® software. This latter tool was developed as part of the European Patient Safety through Intelligent Procedure (PSIP) project. The ADE-Scorecards ® interface summarized the data available for each stay (administrative data, lab results, diagnostic data, drug prescriptions and freetext documents). 27, 28 This tool was used for data extraction, as detailed below. Only well-known risk factors for AKI were extracted, as the study did not intend to find new risk factors. Obstructive AKI was excluded from the drug analysis because the reviewers considered that drug involvement was secondary in the occurrence of the AKI, even if the Naranjo score was ≥1. The reviewers then evaluated the relationship between drugs and AKI, inappropriateness of the prescription, avoidability of the event. Any disagreement was resolved by discussion and consensus. A third reviewer (JBB) arbitrated as necessary.
Predisposing And Precipitating Factors
Chronic kidney disease, high blood pressure, chronic heart failure and diabetes were considered as predisposing factors of AKI 2, 6, 15, 16, 19 and were identified either in the discharge letters or in the ICD-10 coding. Chronic kidney disease also had to be defined by an estimated glomerular filtration rate (eGFR) < 60ml/min according to CKD-EPI. 29, 30 Infection, acute heart failure, dehydration, surgery, rhabdomyolysis, ascites caused by cirrhosis and administration of contrast agents were considered as precipitating factors of AKI and were identified either in the discharge letters or in the ICD-10 coding. 2, 6, 15, 16, 19 Precipitating factors had to be present at admission (i.e., during the first 48 hrs of hospitalization) and before the occurrence of the AKI.
Drugs
Drugs known for their potential involvement in AKI were considered: angiotensin-converting enzyme inhibitors (ACEi), angiotensin II receptor blockers (ARB), loop diuretics, thiazide diuretics, potassium-sparing diuretics, non-steroidal anti-inflammatory drugs (NSAIDs), cancer chemotherapy and aminoglycosides. 2, 12, 13, 19, 31 Corresponding ATC codes are detailed in the Supporting Information (Table S2 ). It was considered that the eligible drugs were chronically taken at home, according to the discharge letter and chronic conditions, even if they were not re-administered at hospital. Medication review was not performed routinely at the time of this study in the hospital. Consequently, drugs administered on the first day of hospitalization were also extracted if both experts deemed that the drug was taken at home. The experts were cautious in their judgment and did not include drugs in case of any doubt. Drugs administered after the improvement of AKI or drugs which are not usually prescribed in a community setting (e.g., intravenous aminoglycoside) were not included.
Causality, Inappropriateness, And Avoidability
The role of drugs in AKI events was assessed using the Naranjo scale (detailed in Table S4 ). 32 This scale is a validated tool for evaluating the causal relationship between medication and the event. 33 A score is attributed to each of ten axes concerning items such as the chronologic relationship between the drug and the event, or the de-challenge and re-challenge of the drug. The total score ranges from −4 to 13 and indicates the following probability categories: "unlikely" (score ≤ 0), "possible" (score of 1 to 4), "probable" (score of 5 to 8), or "definite" (score ≥ 9). We concluded that AKI was induced by a drug if the score category was "possible", "probable" or "definite". Drugs were evaluated independently from the patient's other medication. 34 These criteria were applied at a single time point during the hospitalization corresponding to the admission. In this assessment, Cohen's Kappa was used to measure the extent of agreement between the two experts. The Kappa value was 0.72, indicating good agreement (defined as a value between 0.6 and 0.80).
Inappropriateness of each prescription focused on medication overuse or misuse (dosage or duration), and was evaluated by using the "Screening Tool of Older People Prescriptions" (STOPP) criteria v.2. 35 As STOPP criteria are based on diagnostic and/or prescription data, these criteria are explicit and do not require additional expert assessment.
Avoidability of CA-AKI events was estimated by using the Hallas criteria. 36 The Hallas criteria are categorized into 4 classes as follows: "definitely avoidable": drug treatment was inconsistent with present-day knowledge; "possibly avoidable": prescription was not erroneous, but the event could have been avoided by an effort exceeding the obligatory demands; "not avoidable": the event could not have been avoided by any reasonable means, or was an unpredictable event in the course of a treatment fully with good medical practice; "unevaluable": data for which a rating could not be obtained or with conflicting evidence (Table S5 ).
If the expert review found at least one drug with a Naranjo score ≥ 1 and a precipitating factor, CA-AKI was considered as a multifactorial event.
Statistical Analysis
Statistical analyses and comparison of the two data tables provided by each reviewer were performed with R studio 1.0.143 software. Qualitative variables were reported as the number and percentage. Quantitative variables were reported as the mean and standard-deviation (SD), or (for non-normal distributions according to the Shapiro-Wilk test) as the median and interquartile range (IQR).
Results
CA-AKI Events And Characteristics
Over the two-year period, AKI events were screened among 4,767 inpatient stays of at least two days by patients aged 75 and over. After automated detection and double review, 713 CA-AKI were confirmed (15.0%). Selection process is summarized in Figure 1 . The mean age of patients corresponding to the 713 inpatient stays was 84.4 (S.D. 5.4) and 70.7% of them were female. The characteristics of the CA-AKI events are described in Table 1 . AKI was mainly stage 1, (82.0%) according to KDIGO criteria. Infection was the most frequent precipitating factor and was identified in more than one in two cases. The experts identified 31 (4.3%) obstructive AKI, which were secondarily excluded from the analysis of drug-induced events.
CA-AKI Induced By Drugs
The expert reviews rated 419 (58.8%) AKI events as "possible", "probable" or "definite" ADRs according to the Naranjo scale. The expert review scored 276 AKI events as "possible", 139 as "probable" and 4 as "definite". Only one AKI event was scored as "unlikely" (i.e., a score of 0) and no drug known to be involved in CA-AKI was identified in 261 events (36.6%). Results on Figure 2 show that a combination of two, three, four or even five drugs rated as "possible", "probable" or "definite" ADRs with the Naranjo scale was retrieved in 29.6% of AKI events.
CA-AKI: A Multifactorial Event
The analysis of the combination of precipitating factors and drugs revealed that 265 CA-AKI events were multifactorial, corresponding to 37.2% of all CA-AKI events and 63.2% of the drug-induced CA-AKI events. Results are presented in Table 2 . A combination of one drug with a Naranjo score ≥ 1 with precipitating factors was retrieved in 136 (19.1%) AKI events. A combination of two drugs or more with a Naranjo score ≥ 1 was identified in combination with precipitating factors in 129 (18.1%) AKI events.
Avoidability Of Drug-Induced CA-AKI Events
Among all drug-induced CA-AKI and according to the Hallas criteria, the expert review deemed 280 (66.8%) drug-induced CA-AKI as avoidable: 250 (59.7%) AKI events as possibly avoidable and 30 (7.1%) as definitely avoidable. The majority of the possibly avoidable druginduced CA-AKI were related to a required adaptation of drug therapy during intercurrent illness, mainly infection. For example, a combination of an ACEi/ARB with a diuretic, both with a Naranjo score ≥ 1, was combined with infection in 95 (22.7%) cases of drug-induced CA-AKI. Similarly, a combination of ACEi or ARB with a Naranjo score ≥ 1 was combined with dehydration in 56 (13.4%) cases of drug-induced CA-AKI. Both experts concluded that these drugs should have been reevaluated in this case.
Inappropriateness Of Drugs Involved In CA-AKI Events
Among the 666 drugs rated as "possible", "probable" or "definite" ADRs with the Naranjo scale, only 67 (10.0%) drugs were found to be inappropriate according to the STOPP criteria. ARB (n=142; 21.3%) was one of the most frequent drug class involved in AKI events and was the most frequent, inappropriate prescription (n=25; 17.6% of ARB prescriptions), according to the STOPP criteria. The main reason for this inappropriateness was the lack of indication. ACEi (n= 189; 28.3%) and loop diuretics (n=172; 25.7%) were also frequently involved in AKI events, but solely ACEi was rated as an inappropriate prescription (n=19; 10.1% of ACEi prescriptions). Few prescriptions of potassium-sparing diuretics were retrieved by the expert review (n=55; 8.2%), but they were frequently identified as inappropriate (n=19; 34.5% of potassium-sparing diuretic). Details can be seen in the Supporting Information (Table S3 ).
Discussion
Main Findings
Our study showed that drug involvement was frequent in CA-AKI and was found in 58.8% of cases. These druginduced CA-AKI covered 8.8% of hospital admissions in patients aged 75 and over, equal to around one in ten patients. Drug-induced CA-AKI was often multifactorial and around two thirds (63.2%) could have been avoided by "an effort exceeding the obligatory demands". 36 All these results highlight the importance of the prevention of druginduced CA-AKI, and that this prevention should take drug-disease interaction into accountespecially in case of infection or dehydration.
Comparison With Other Studies
The incidence of CA-AKI varied between 0.7% and 4.3% according to studies. 3, 4, 15, 18 In our study, a CA-AKI was confirmed by an independent dual review in 15.0% of inpatient stays. This difference can first be explained by the age of inclusion at 75 and over in our study. AKI is a problem often found in older patients, and patients aged 70 or over are 3.5 times more likely to develop CA-AKI than younger patients. 6 Age is, therefore, a risk factor for AKI. Thus, all patients in our study already ran the risk of developing AKI in addition to drugs and precipitating factors. Additionally, our method of detection and validation of CA-AKI included the appearance of AKI within the first 48 hrs of hospitalization, and the improvement of AKI acquired at home prior to admission. Detection of CA-AKI was most often defined based on variation of the creatinine value within 48 hrs, with sometimes a diagnostic code (e.g., ICD-9 coding). [2] [3] [4] 16 The latter approach may under-estimate the real incidence of CA-AKI because there is an under-codification of AKI. 14, 16 
CA-AKI: A Multifactorial Event
The involvement of drugs in CA-AKI was barely studied with a score of causality assessment. Wang et al reported a possible drug involvement in 59.9% of CA-AKI, based on a national cross-sectional study in China. 18 Stucker et al found that 25.5% of CA-AKI had a combination of a diuretic and an ACEi or an ARB. 2 In a retrospective study in Taiwan, 72.0% of patients with a CA-AKI used at least one drug with a nephrotoxic risk during the final 3 months leading up to the AKI, with a mean of 2.4 drugs per patient. 16 Our study confirmed and emphasized these results. Based on an independent dual review, drug involvement was present in 58.8% of CA-AKI. This expert analysis of all confirmed cases permitted the identification of a multifactorial cause in 63.2% of drug-induced CA-AKI, because of the combination of a drug with a Naranjo score ≥ 1 with at least one precipitating factor. This result suggested a frequent combination of drugs and disease, consistent with the physiopathology of AKI and should be considered in CA-AKI prevention measures. A recent meta-analysis showed that continuing a treatment during an intercurrent illness increased the risk of developing an AKI by 15%. 31 In our study, only 10.0% of drugs with a Naranjo score ≥ 1 were inappropriate, according to STOPP criteria. Moreover, 66.8% of drug-induced CA-AKI were avoidable according to the Hallas criteria. Prevention based on potential inappropriate prescriptions lists seems to be inadequate for CA-AKI. However, this approach is frequently used to prevent drug-induced events in older patients, because it is easily implemented. 37 
Prevention Of CA-AKI Events
Therefore, it appears that new strategies are necessary for the prevention of CA-AKI. At first, a possible solution could be a systematic reevaluation of potentially nephrotoxic drugs during an intercurrent illness. A pilot study in the United Kingdom recommended a systematic cessation of medication during severe dehydration. Conclusions on the decrease of AKI were limited due to the absence of a control group; however, this intervention does not appear to pose a risk for patients. 38 A second complementary approach could be the improvement of the safe use of drugs. Patient education on AKI at-risk situations is required and measures of prevention must be improved. In a 6-month prospective study conducted by Belaiche et al, 85% of patients with chronic kidney disease (CKD) were not aware of the CKD at-risk situations, particularly, the risk of AKI occurrence in the event of dehydration through ACEi or ARB treatments. 39 In another study, 53% of community-based CKD patients reported that they were not aware of dehydration at-risk situations and 71% were not aware of what they should do in such situations. 40 
Strengths Of The Study
Some strengths can be found in our study: a large number of AKI events relative to other studies; the automated detection of CA-AKI events which were then validated by two independent experts; complementary skills and a dual review of all confirmed cases of CA-AKI; a computer interface (ADE-Scorecards ® ) dedicated to the expert case review; a standardized approach, with the use of the STOPP criteria, the Naranjo scale, and the Hallas criteria; and a description of the combination of precipitating factors and drugs.
Limitations Of The Study
Our study had some limitations. The study was singlecenter study conducted in a single general hospital in northern France. Therefore, our results may reflect the prescribing habits of general practitioners operating within this area. Moreover, our study was limited to hospitalized patients aged 75 and over and did not include patients with CA-AKI who lived at home. Generalizations of our results must be made cautiously. Nevertheless, ADRs are most often observed in this age group, 37, 38 and the mean age of patients with CA-AKI events has also been high in studies which included patients as young as 18 years old. [12] [13] [14] 39 The threshold of 48 hrs at admission was chosen so that we detected community-acquired AKI rather than hospital-acquired AKI. However, this cutoff might have included a number of genuine hospital-acquired AKI events having occurred during the first 2 days of hospitalization.
Our analysis of the medical records of the patients was retrospective, and we also studied communityacquired events. The lack of community data might have slightly incorrectly estimated the number of CA-AKI. At the time of the study, medication reconciliation was not performed routinely in this hospital. Thus, some information may not have been recorded in the electronic health records, which may have been a potential source of error during the expert review. This potential lack of information may also under-estimate the number of obstructive AKI. Our retrospective approach may miss some CA-AKI: (i) in patients who did not have a creatinine measurement within the first 48 hrs; (ii) in patients who had only one creatinine measurement; (iii) in patients whose creatinine measurements were more than seven days apart. These three situations may mostly correspond to reassuring clinical situations because the basic biological parameters were not regularly monitored. The probability of AKI occurring in this context, therefore, seemed low, especially among hospitalized older patients.
Moreover, the period of study inclusion was 2012-2013 and some new drugs, such as sacubitril/valsartan, may have been identified in rare cases in a more recent period. However, 68 medications were associated with AKI in a recent study of pharmacovigilance database in France. 12 Nearly all medications were prescribed during our study period, except bendamustine (2014). Our study did not identify contrast-induced CA-AKI because of the lack of reliable data concerning the administration of contrast agents in the days before hospital admission.
Items of the Naranjo scale were not all assessed in the study. Indeed, items 6 to 10 were scored "do not know" for most drugs because data were not most often available. This issue was raised by other authors. 41, 42 Another limitation was the use of the STOPP criteria, which may be less comprehensive than other tools for exploring the appropriateness of prescriptions (e.g., the Medication Appropriateness Index). However, STOPP criteria were chosen because they detect ADR at-risk situations and provide good reliability. 35, 36 The detection of CA-AKI did not include creatinine value that remained high (i.e., no improvement during inpatient stay). This mode of identification may pose a selection bias. Nevertheless, this bias was minimized as the hospital did not have an Intensive Care unit or Nephrology departments. Patients with severe AKI had to be admitted to another hospital.
Finally, this study was neither designed to identify synergistic and significant associations of risk factors (which can be determined through pharmacoepidemiological studies) nor was it designed for the description of AKI epidemiology. However, this study has usefully pathed the way for pharmacoepidemiological studies on a larger database with sufficient statistical power.
Conclusion
CA-AKI was a frequent problem in older patients at the time of hospital admission. These events were mostly multifactorial with an important drug involvement, and two-thirds seemed to be avoidable. The prevention of drug-induced CA-AKI could be carried out through a reevaluation of potentially nephrotoxic drugs (e.g., ACEi/ ARB) during an intercurrent illness (e.g., infection).
